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INTRODUCTION  
New product development of concrete materials give advantages in terms of cost and wastage 
of materials. Thus, one effective way is to use disposable materials such as waste glass in 
concrete to minimize the use of raw materials. In the present study, the use of waste glass was 
conducted to determine its suitability as a material replacement in the making concrete. 
This study was conducted to determine the beam flexural strength and type of failures 
encountered of concrete beam. The objective of this research are to identify the optimal mix ratio 
for determining the flexural strength of reinforced concrete   beams, to determine the level and 
type of failure for flexural strength of reinforced concrete beams using glass wastes as a 
replacement for fine aggregate and cement in the concrete mix also to compare the performance 
between normal concrete beam with concrete beam using glass wastes as a material replacement. 
Based on this study, the beam was tested by placing a load exerted on the central region of the 
concrete beam. Thus, the flexural behavior of the beam will be identified. The size of concrete 
beam was 1000mm x 120mm x 200 mm (ASTM Standards in Building Codes) and its design 
was based on the Eurocode 2. Concrete mix design method was based on the UK Department of 
Environment (DOE). These samples were tested at 28 days.   
 This study has their own importance that gives a positive impact toward cost savings and the 
use of raw materials. This is because use of solid waste such as glass can save the cost of buying 
fine aggregate and cement in construction work. In addition, the waste can be avoided because 
the glass waste will be reused or processed for use as an additive or substitute materials in the 
concrete mix. The use of this waste will reduce environmental pollution problems due to the lack 
of a pile of rotting garbage. The importance of this study is to determine the ratio or percentage 
of the optimum glass wastes that has its high flexural strength. 
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LITERATURE REVIEW 
Glass wastes are used because it has characteristic and properties that quite similar in concrete 
mixture and suitable as a partial replacement material for fine aggregate and cement [1]. Among 
the specialty of the glass are durable, heat resistant and will not absorb water easily. Therefore, 
the use of waste glass in concrete construction sector should be enhanced as it will benefit in 
reducing the production cost of concrete [2]. The main ingredient in glass is silica that is 
produced naturally from the sand. Silica is a mineral that contains silicon dioxide (Si02) is 
similar to a chemical compound known as quartz. Quartz is a mineral white colored lacquer and 
has the same features with silica. Silica is used as it is saturated and does not contain unwanted 
chemicals. In addition, most of the glass quality is dependent on silica content itself. Glass 
wastes containing a high percentage of silica that makes it suitable as a replacement aggregate in 
the concrete mix [3]. Glass is a material produced from silica, soda ash, salt cake and calcium 
carbonate through the melting process are then cooled [4]. The ratio of the chemical content in 
various types of glass are shown in Table 1. 
 
TABLE 1: RATIO OF THE CHEMICAL CONTENT IN VARIOUS TYPES OF GLASS 
Types of 
Glass 
Clear 
Glass 
Amber 
Glass 
Green 
Glass 
Pyrex 
Glass 
Fused 
Silica 
SiO 73.2 – 
73.5 
71.0 – 
72.4 
71.27 81 99.87 
Al2O3 1.7 – 
1.9 
1.7 – 1.8 2.22 2 - 
Na2O + 
K2O 
13.6 – 
14.1 
13.8 – 
14.4 
13.06 4 - 
CaO + 
MgO 
10.7- 
10.8 
11.6 12.17 - - 
SO3 0.2 – 
0.24 
0.12 – 
0.14 
0.052 - - 
Fe2O3 0.04 – 
0.05 
0.3 0.599 3.72 - 
Cr2O3 - 0.01 0.43 12.0 – 
13.0 
- 
 
Nature of Glass 
Content and features contained in the glass cause it to become hard, strong and durable. These 
properties allow the glass to withstand heavy to bear loads or at certain intervals. In addition, the 
glass has a resistance to temperature changes uncertain [5]. Glass is also very stable at low 
temperatures and in humid conditions which enable it to conform to the structure to be built in 
wet conditions [6]. Glass materials that do not absorb water or zero water absorption causing the 
concrete has sealing properties or waterproof [7]. These properties show a very good low 
permeability to allow concrete actions add cold resistance, chemical and protect reinforcement 
from rusting. A good glass powder has pozzoland characteristics so that it can serve as a 
substitute for cement and filler in the concrete so as to provide a high-pressure power [8]. Figure 
1 shows the glass that had been crushed into powder. 
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Fig. 1. Glass wastes powder 
 
Flexural Behaviour of Reinforced Concrete Beam 
Although the concrete has compressive strength properties but it is weak in tensile strength. 
Therefore, concrete needs reinforcement to withstand compressive forces and tensile stress as a 
result of the load. Besides that, the reinforcement has a function to increase the flexural load, 
strength and load bearing capacity [9]. Flexural of the beam characteristic is the ability to 
withstand the weight of the beam for the maximum load before it fails. The beam will flex or 
bend at the area of imposed load.  In addition, when a force or load is applied under the direction 
of the bottom of the beam, it will experience tensile forces while the upper experiencing 
compressive force. The area of the beam that having a tensile force will be longer than the 
compression area. Based on the previous study, specimens at the age of 28 days with a glass 
percentage of 10% to 20% is the most ideal and have high flexural strength as compared with 
50% glass content [3]. 
 
Cracking of the Beam Structure 
 Beam structure that cracks can cause failure of the entire concrete structure. This condition 
can cause defects in appearance and physical characteristics of the beam that makes robustness 
and strength of the beam reduced. Cracks caused spaces in concrete beams exposed to water and 
the wind that makes steel reinforcement rusted in the long term that accelerate failure occurs. 
Figure 2 showed the beam that has been tested. 
 
Types of  Failure 
Types of failure are referred to the types of cracks that appear on the beam which can be 
identified through the shapes and position of the cracks structures. 
 
Flexural Failure 
Flexural failure refers  to the flexural cracks. The cracks begin to form when the bending 
moment exceeds the moment of cracks in a section that has a shear force. Despite the 
tension and bending were distributed to the steel reinforcement, the durability of the 
reinforcement will be reduced because it is prone to corrosion. 
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Shear Failure 
Shear failure refers to the shear cracks. Cracks occur due to the structure unable to bear the 
increasing load. Shear force can cause the beam cracks and the failure usually occurs in the place 
of maximum shear force. These cracks usually occur close to 45 ° to support of both ends of the 
beam. 
 
METHODOLOGY 
 
Design of Concrete Beam 
The design of concrete beam was based on the manual calculation of Eurocode 2. The grade 
concrete used was 25 kN/mm2 meanwhile the size for the beam was 120mm (width) x 200 
(height) x 1000 (length). 
 
Concrete Mix Design 
Concrete mix design adapted the method obtained by the UK Department of Environment 
(DOE). This sample was divided into three groups which were the control without glass waste, 
sample with glass waste as fine aggregate and sample with glass waste as cement. Table 2 shows 
the result of concrete mix design. 
 
TABLE 2 : CONCRETE MIX DESIGN 
 
 
 
 
 
Raw Materials Used 
Among the materials required are Ordinary Portland cement (OPC), coarse aggregate, fine 
aggregate, water and glass wastes. There were two types of glass used in this project, glass 
window and common transparent glass like glass for cabinet. Glass wastes have been used as a 
partial replacement for cement and fine aggregates based on a percentage of the volume of the 
concrete mix. 
 
Preparation of beam specimen 
Two different forms of concrete were produced for the determination of the test. There are six 
concrete samples for each percentage of cubes, while one sample for each percentage of concrete 
beams. The sample cube was made to determine the compressive strength of concrete test 
samples while concrete beams for flexural tests. Tests conducted for the cubes at age of 7 and 28 
days, while the beam at the age of 28 days. Normal concrete was the control concrete that only 
Water cement ratio     0.5 
cement  360kg/34 
Water 180kg/34 
Fine aggregate 604kg/34 
Coarse aggregate (20mm) 1226kg/34. 
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used coarse aggregate, fine aggregate, water and cement in their concrete mix meanwhile the 
others concrete were used glass wastes as a substitute for fine aggregates and cement in the 
concrete mix. 
This involved in three main processes which were material preparation, casting and curing. 
The design of formwork and reinforcement was followed based on the manual calculation from 
Eurocode. The strength of formwork was important to ensure that formwork does not expand 
when a concrete will install.  The reinforcements were put with spacer block on below and 
beside reinforcement. The purpose that put the spacer block is to protect the reinforcement for 
avoiding from rust. Figure 2 showed the cross section of the reinforcement detail in the 
formwork. 
 
 
Fig. 2.  The cross section of the reinforcement detail 
 
After pouring the concrete into the formwork, the concrete vibrator was used to make sure the 
concrete pouring was even and no air bubbles. The concrete was compacted enough to prevent 
the honey comb to occur. Once the concrete was left approximately 24 hours or hardened, the 
formwork was quickly removed to continue the curing process. Curing process was purposed to 
keep it moist and minimize drying. Damp fabric or sacks used to cover the concrete to prevent 
evaporation and this process was continued until the concrete achieve the age of 28 days. 
 
Equipment and Machinery 
Among carpentry equipment that needed were a hammer, nails, wooden ruler, and pencil. 
These equipment were essential for ensuring that their products meet the concrete required 
characteristics as pretty and neat. Furthermore, the machine used in this project were saw table to 
cutting the woods, bending machine, compressive test machine, flexural test machine, mixer, and 
weighing tool and concrete vibrator. 
 
Lab Test 
This involved in three lab tests, which were slump test, compressive test, and flexural test. 
The workability and consistency of fresh concrete were determined by slump test. This test was 
conducted based on the procedure in BS18881. The compressive test was done to determine 
concrete compressive strength meanwhile flexural test to determine the ability of the beam to 
withstand the maximum load before it failed. Therefore, the effectiveness of the wastes glass as a 
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partial replacement for fine aggregates and cement was determined by this flexural test. Figure 3 
showed the three differences of test involved for this study which was slump test, compressive 
test, and flexural test respectively. 
 
 
Fig. 3. Slump test, compressive test and flexural test 
 
RESULTS AND DISCUSSIONS 
The discussions were to determine the comparative characteristics of normal concrete beam 
and beam using glass wastes as a material replacement for the fine aggregate and cement by a 
specific percentage. 
 
Slump Test 
Water cement ratio used was 0.5. Table 3 shows the results of Slump Test. 
 
TABLE 3: RESULT OF SLUMP TEST 
Percentage 
of Glass 
replace 
fine 
aggregates 
(%) 
slump 
(mm) 
Type 
of 
Slump 
Percentage 
of Glass 
replace 
cement(%) 
Slump 
(mm) 
Type 
of 
Slump 
0% 35 True 
Slump 
0% 35 True 
Slump 
5% 50 True 
Slump 
5% 49 True 
Slump 
10% 45 True 
Slump 
10% 44 True 
Slump 
15% 37 True 
Slump 
15% 30 True 
Slump 
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 The results in Table 3 show that the normal concrete had a relatively low value of slump 
compared to the concrete that used glass waste as replacement material for fine aggregates and 
cement. This condition was caused by glass waste has characteristic of low water absorption 
compared to normal concrete. True Slump indicates that these slumps have a good nature 
cohesive and uniform mixing. 
 
Compressive Test 
Concrete cubes with the size of 150mm x 150mm x 150 mm were tested on 7 days and 28 
days after curing. Figure 4 shows the compressive strength of concrete containing glass wastes as 
a replacement material for fine aggregate and cement. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 . Compressive strength for glass replace fine aggregate and cement for 7 days and 28 days 
 
Based on the figure above, the percentage of concrete containing glass waste at a rate of 5% 
has the highest compressive strength rather than normal concrete and the concrete that used 
waste glass as the replacement for fine aggregate and cement. The table also indicates that the 
higher the percentage of glass wastes, the lower the compressive strength of the concrete. This 
because there were many voids in the concrete mix that cause the density of the concrete low 
when the percentage of glass increase. 
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Beam Deflection 
 
Figure 5 and 6 indicate that the higher the maximum load, the higher the deflection. It showed 
that 10% of glass wastes were the optimum percentage because it had the higher average of the 
maximum load rather than normal concrete and the others concrete that use wastes glass. This 
was because the behavior of glass as a binder in concrete mixes was higher at 10%. The value of 
actual deflection was 6.10mm (L/d) actual. The results showed that all deflection value was 
passed for deflection design calculation. 
 
 
Fig. 5.  Maximum load versus deflection for beam containing glass replace fine aggregate 
 
Fig. 6 . Maximum load versus deflection for beam containing glass replace fine aggregate 
0
10
20
30
40
50
60
70
80
90
0 10 20 30 40
m
ax
im
u
m
 l
o
ad
 a
v
er
ag
e 
(k
N
)
Deflection (mm)
0%
5%
10%
15%
0
20
40
60
80
100
120
0 20 40 60
m
ax
im
u
m
 l
o
ad
 a
v
er
ag
e(
k
N
)
Deflection(mm)
0%
5%
10%
15%
Concrete Materials. Series 1 2017 
ISBN 978-967-0764-84-9 
90 
 
Maximum Flexural Strength 
 
 
 
 
 
 
 
 
 
 
Fig. 7 . Maximum Flexural strength (kN/mm2) against glass percentage (%) 
Figure 7 refers to the ratio of maximum load to the cross section area. The 10% of glass replace 
fine aggregate and cement has the highest maximum flexural strength. It indicates that 10% of 
glass waste was the optimum ratio and most suitable percentage as a replacement. This because 
of the suitability of glass properties as a filler in the concrete mix. However, the flexural strength 
was reduced when the percentage of glass was higher than 10% because a lot of voids in the 
concrete mix that cause the reinforcement easy to vulnerable. 
 
Pattern of Cracks 
 
Types of beam failure were determined by the pattern and position of the cracks. The cracks 
can be seen on the beam when the increased load was applied on the beam. The types of failure 
or cracks were the flexural failure for all concrete beam.  Figure 8 shows the flexural crack on 
the beam. This cracks happened because of a point load was applied on the center of the beam 
span length. 
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Fig. 8. Flexural crack on the beam 
 
CONCLUSIONS 
 As a conclusion, the compressive strength of the concrete was determined through 
compressive test. Furthermore, the other conclusions are as followed: 
i. The strength of the concrete increase when the age of the concrete increased 
ii. Concrete with 5% of wastes glass was the optimum ratio for compressive strength 
meanwhile 10% of wastes glass was the optimum ratio for flexural strength. 
iii. Compressive strength and flexural strength of concrete decreased when the glass content 
exceeds the optimum percentage of 10% glass wastes. This was because the behavior of 
glass as a binder is the highest at 10%. 
iv. Types of failure or crack on the beam that used glass wastes as a partial replacement for 
fine aggregate and cement was same as normal concrete that was the flexural failure. 
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